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Abstract:
This paper presents a method of finding the phase current profiles to get minimum torque ripple in Switched Reluctance Motor (SRM) with maximum torque per ampere. The solutions are obtained with peak current limit, finite rise time due to incremental inductance of the phase windings, and the back emf. As these factors are taken into account in obtaining the solution the implementation do not experience the voltage saturation for all the torque levels up to the rated torque. The solutions are obtained using the flux-linkage characteristics and the static torque characteristics. The influence of speed and the bus voltage on the solutions are discussed. All these results are compared with the results obtained by neglecting the effect of inductance and back emf effect. The implementation of the results are carried out on a 4 KW, 4 phase, 8/6 pole OULTON motor using a microcontroller. The simulation and the experimental results are presented.
Introduction:
The SRM has gained popularity as a variable speed drive in recent years due to several advantages compared to conventional AC and DC motors. It has a simple construction with its rotor having no winding or permanent magnet and has high torque to inertia ratio. The constructions and operating principles are well documented [ 
1,2].
The primary disadvantage of SRM is the higher torque ripple compared to conventional machines.
The torque ripple is objectionable in a high performance servo application and even in other applications, it adds to the vibration and acoustic noise. The origin of higher torque pulsation is due to the non-linear and discrete torque production mechanism. The total torque in SRM is the sum of the torque produced by each of the stator phases. The torque pulsation is significant during the commutation when the torque production shifts from one active phase to the other.
There are two main approaches to the problem of reducing the torque ripple. One method is to improve the magnetic design of the motor and the other method is to use. appropriate current control. In the first method, machine design is made with special attention to reduce the torque ripple. Some of the published works following the second approach are reviewed here. In the method suggested by J.C. Moreira [3], the instantaneous torque and the rotor position are estimated from terminal voltages and current measurements and it uses the flux-linkage characteristics for determination of coefficients of interpolating polynomial needed to compute the torque. This torque is compared with a constant reference torque and fed to a current regulator for torque control. In this method, computation of the instantaneous torque and rotor position needs fast processing of the data and the reference current generated from this algorithm does not guarantee maximum torque per ampere. In the paper 
The proposed method:
The proposed method is current trajectory control method. These trajectories are obtained as a and
The solution is sought subjected to the following condition;
where Ci, n= I in the solution of the equation
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In the above equations, the constant k, is equal to the desired torque, 't' is the resultant torque, n is a parameter for phase number, R is the resistance of the phase winding, v is the applied voltage per phase, k, is a constant and is equal to the peak current limit.
Solution:
As this problem is quite involved, the solution is worked out using the numerical method and the equations are modified to suit the computation.
The following assumptions are made 1. The speed is assumed to remain constant 2. The mutual inductance effect and eddy current effect are neglected.
3.
The resistance of the winding is neglected.
To save the computation time following observations are made from the static torque characteristics. For any rotor position, only two phases can produce positive torque. Among the two phases only one phase will produce the desired torque with minimum current except at one position where the two commutating phases produce the desired torque with same current (at this position torque per ampere values are equal).
The change in phase current required has to meet the followine constraint which is due to Ea. (7
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The term -corresponds to the incremental ai inductance and it is obtained by numerically differentiating the flux-linkage characteristics with respect to phase current for any given rotor position. A surface plot of incremental inductance is as shown in Fig. 3 . The back emf coefficient a'yis obtained by numerically differentiating the flux-linkage with respect to rotor position for any given phase current and these coefficients are multiplied by angular velocity to get the backemf. The surface plot of back emf at 300 rpm is as shown in Fig. 4 . Assuming the voltage per phase to remain constant, the algorithm to obtain the solution is as follows : 
The maximum current of the phases are limited to peak current limit and minimum current to zero. 5 . At each rotor position, the phase in which the required torque can be obtained with minimum current is allowed to take the entire torque if the computed current is within the current limits as obtained from Eq. 10-13. If the phase current reaches the peak current limit and if the torque produced is less than the desired torque, then the next positive torque producing phase is allowed to take the remaining torque. When the domination changes from the first to the second phase, the second phase current is allowed to rise up to a value which is governed by its maximum current limit, the restriction that arises from the rate of fall of current in the other phase and the constant resultant toque condition. 
6.
Comparison of computed results
The results obtained for 150 rpm and 300 rpm are compared with that of the case where the current can be instantaneously increased to the desired level. This comparison is made to understand the influence of back-emf and incremental inductance of the machine which restrict the rate of rise of current in the phase once that phase takes the dominance. The comparison results is shown in Fig. 7 . It is observed that the conduction angle increases with speed The average phase current also increases with the speed for a given torque. Figure 8 shows the comparison of results for 150 rpm with DC bus voltages of 440V and 560V.
The current trajectories change as the rate of rise of current in the incoming phase and fall of . current in the outgoing phase reduces at 440V level. There is no appreciable change in the average phase current, when the bus voltage is changed by about 20%.
Experimental results :
The implementation of the above scheme is carried out on a 4 KW, 8/6 pole OULTON SRM using a microcontroller (80196KC). The computed current values are stored in a look up The solution results in an implementation results show that the torque ripple increase in the "/A rating of the inverter is appreciably less compared to the conventional without exceeding the peak current stress on the constant current reference control scheme. devices. The solutions a e worked out for two Simulation shows that the maximum torque different bus voltages and speeds. It is observed ripple can be further reduced below 3% with a that the conduction angle increases with speed. switching frequency limit of 40 Khz. with a bus voltage of 440V and with a switching frequency limit of 40 Khz.
